The influence of a static magnetic field of 4.4 T on the electrodeposition process on copper plates immersed in a solution of Nickel and Cobalt ions is presented. The electrodeposited layers characterized by Scanning Electron Microscopy (SEM) including Energy Dispersive X-Ray (EDX), X-Ray Diffraction (XRD) and Atomic Force Microscopy (AFM).It was observed that the difference between the mass of electrodeposition with the application of a Permanent Parallel Magnetic Field to the electrode surface (PPMF) and the electrodeposited layers without the PPMF, increased with the increase of current density. The presence of the PPMF gave smoother electrodeposited surface compared to without the PPMF. The increase in current density gave fewer the cracks on the electrodeposited surface.
Introduction
The influence of a magnetic field on the electrodeposition process of metals has been widely investigated since the last decade [1] [2] [3] [4] . Electrodeposition with the presence of a magnetic field is one of the techniques which can control the morphology of electrodeposited layers. Without the application of a magnetic field, three forces which can control the electrode process are diffusion, migration and convection (natural and forced) [5] . With the presence of a magnetic field, there are five other forces which can influence the electrode process which are the Paramagnetic force ( P F ),
Field Gradient force ( B F ), Lorentz force ( L F ), Electrokinetic force ( E F ) and Magnetic Damping force ( M F ) [6] . The Lorentz force ( L F ) and Electrokinetic force ( E F ) arise from the interaction between magnetic field with the electric field from the flow of ions [7] . It was demonstrated that the effects of Electrokinetic ( E F ) force is negligible to convey of ions in the electrodeposition process compare to the Lorentz force ( L F ). Theoretically, Oleg et. al. [8, 9] and Fukunaka et. al. [10] have shown that the Lorentz force ( L F ) affect the quality (morphology and texture) and the quantity (mass deposition) during the electrodeposition process. The magneto hydrodynamic (MHD) effect is maximal when the Lorentz force ( L F ) is present that is when the magnetic field is perpendicular to the current from the flow of ions to working electrode surface [11] . The thickness of the Nernst diffusion layer could be reduced due to the perpendicular magnetic field. Oleg [9] has reported that the limiting current (J l ) can be increased by the reduction of the Nernst diffusion layer due to the application of a Permanent Parallel Magnetic Field (PPMF) to the electrode surface. The enhancement of the limiting current (J l ) was studied by several researchers [3, 4, [12] [13] [14] . Thematically, there is good relation between the decrease of double layer and the increase of the limiting current (J l ) to the increase of mass of electrodeposition due to the PPMF. Nickel and Cobalt are some of the most frequently metals which those are using as the finishing layers to the prevention of corrosion and decorative propose. Here, the morphological and mass changes with the application of a PPMF on the electrodeposition of Ni-Co alloy are presented.
Experimental
The Ni-Co alloy electrodeposition was performed on the copper plates, (0.001× 1× 2 cm) using a conventional Nickel Watt's solution (NiSO 4 . The pH was adjusted to 4 ± 0.1 by adding sulfuric acid. The electrodeposition was operated at different current densities (10, 25, 50, 75 , 100 mA cm -2 ) using two electrode system and temperature was set between 50-55 o C. The cell was made from Teflon (10 × 6 × 3 cm) which is used for electrodeposition of Ni in the presence and absence of PPMF. The distance between the cathode and nickel anode was 4.5 cm 2 . The PPMF field was placed parallel to the electrode surface. Nitrogen gas bubbling was used to eliminate dissolved oxygen. Before the electrodeposition process the copper plates were activated, as well as chemical polished by the immersion into the mixed acids (HCl + H 2 SO 4 + CrO 3 + HNO 3 ) for a few seconds and then rinsed with distilled water. The topography of the deposited layers was investigated via Atomic Force Microscopy (AFM PS 3000-NS3a). The nickel electrodeposits was analyzed using an X-Ray Diffraction (D 8 -Advanced XRD) set using a Cu K α radiation with wavelength 1.540 A. The mass of electrodeposition was determined with the weight difference of bare and coated Cu plates. Scanning Electron Microscopy (SEM-FEI Quanta 200F) was used to capture images of surface morphology of electrodeposited samples and it also included the Energy Dispersive X-Ray (EDX) analysis using Energy Dispersive System INCA energy 400.
Results and discussion

Mass electrodeposition
Theoretically and empirically, Bund et. al. [15] have proven that the magnetic field can affect the mass transport of electro active species to the electrode. It was demonstrated that the mass electrodeposition can be increased with the presence of the PPMF. Leventis et. al. [16] Aogaki et. al. [17] and Aboubi et. al. [18] have proved the limiting current (J l ) is proportion to the viscosity of solution v , the bulk concentration of electroactive spices C, the electrode surface area A, magnetic flux B , the diffusion coefficient D, and the number of electron per molecule n.
The relationship between the magnetic flux and mass increase due to decrease of Nernst diffusion layer can be given as [16] [17] [18] :
where the R and F are electrode radius and Faraday constants respectively. Fig. 1 gives the mass electrodeposition with various current densities with the presence and absence of the PPMF, and also can be seen in Eq. 3. Our previous results [6, 19] have also shown that the mass of the electrodeposited layers with PPMF is greater than the mass of the electrodeposited layers without PPMF. Furthermore, the difference between the mass of electrodeposition in the presence of PPMF and the absence of the PPMF was enhanced with the increase of current density. In fact, as current density increases, the magneto-hydrodynamic (MHD) effect became more pronounced ( ∆ m = 0.24 to 4 mg cm -2 in 20 min). The mass of Ni-Co alloy electrodeposited layers were calculated from difference of mass before and after the electroposition on the copper plates.
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X-Ray diffraction (XRD) studies
X-Ray Diffraction (XRD) has been used to characterize the electrodeposited Ni-Co surface. Ibro et. al. [20, 21] has attempted to proof that the texture and morphology of electrodeposited layers could be changed with the applied magnetic field. Fig. 2 shows the peak intensities from the XRD for various current densities with and without the PPMF. From Fig. 2 , the intensity of (200) became enhanced with the PPMF than without the PPMF. The (220) peak intensity became reduced with increasing of current density. The reverse effect was observed for (111) where the intensity increased with the increase of current density on electrodeposited Ni-Co alloys. The texture and morphological changes of Ni-Co electrodeposited layers became more pronounced with the presence of the PPMF to the electrode surface, where it increased the convective solution flow to the electrode surface, and decreasing the thickness of Nernst layer. Koza et. al. [22] observed that the size of the hydrogen bubble evolved from the cathodic reaction was reduced with the presence of the PPMF, hence the area could be enlarged for nucleation of metals on the electrode surface. 
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SEM
Two type of Ni-Co alloy films were chosen for SEM characterization, which are Ni-Co electrodeposits with the PPMF and without PPMF. Fig. 3 shows the SEM images of Ni-Co alloy electrodeposited at 10 and 50 mA cm -2 for 20 min using a mixture of Ni Watt's bath and cobalt at pH 4. The Fig. 3A, 3B and 4C are SEM images of Ni-Co alloy electrodeposited in the absence of the PPMF, while Fig. 3D, 3E and 3F are SEM images of Ni-Co alloy electrodeposited in the presence of PPMF. Fig. 3C and 3F are the SEM images of cross section of deposited layer with at the presence and the absence of the PPMF respectively. It was discovered that the surface was uniformly covered with surface cracks at 10 mA cm -2 . It can be shown that there were fewer cracks when the current density was increased. From the SEM images, it can be seen that the electrodeposited surface with the presence of the PPMF are more uniform compared to the electrodeposited surface with the absence of the PPMF. This was also confirmed with our pervious results [6, 19] and Ispas et. al. [23, 24] . It was found that the thickness of electrodeposited layer with the presence of the PPMF is smaller than electrodeposited layer with the absence of PPMF. Consequently, the electrodeposited layer with the PPMF was denser than without the PPMF. 
T).
The application of the PPMF on the electrode gave smoother electrodeposited surfaces. As mentioned before, the magnetic flux B decreased the Nernst diffusion layer (δ D ) during the electrodeposition process. This contributed to the arrangement of the adsorbed atoms in a more uniform manner during the electrodeposition process when in the presence of the PPMF. Matsushima et. al. [25] has investigated the influence of MF on the atoms arrangement during the electrodeposition process. Dendrites formation on the electrodeposited films can be reduced with the presence of the PPMF as can be shown in the AMF images [25] . The dendrite peaks is a good evolver for hydrogen gas but it could be leveled using the PPMF. The uniform electrodeposited layer was obtained due to the influence of a PPMF on the double layer vicinity of the cathode surface to reduce it. At the applied current density 10 mA cm -2 , the roughness factor was reduced from 87.25 nm (without PPMF) to 36.12 nm (with PPMF). Furthermore, at the applied current density 50 mA cm -2 the roughness factor was diminished from 10.36 nm (without PPMF) to 4.8 nm (with PPMF) in the presence of Thiourea. Thus the metal ions can deposited in more uniform layers, consequently the PPMF plays role as a leveling factor. Ibro et. al. [20] and Koza et. al. [22] have both found the similar results. The samples component were tested with Energy Dispersive X-ray (EDX) which gave the Co and Ni were around 55% and 45%, respectively. 
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Conclusion
The effect of magnetic field (4.4 T) with parallel orientation to the electrode surface on the electrodeposition of Ni-Co alloy was studied in Ni Watt's solution with cobalt ions at pH 4. The PPMF influences the electrochemical reaction by reducing the double layer thickness and thus the limiting current densities and electrodeposition rates are increased. The difference of mass electrodeposition with PPMF (4.4 T) and without PPMF were increased as the current density is increased ( ∆ m= 0.24 to 4 mg cm -2 in 20 min). The density of the electrodeposited layers with the presence of the PPMF is larger than the density of the electrodeposited layer without the PPMF. The significant effect of PPMF was observed on the morphology of deposited layers. The layers electrodeposited with PPMF were more homogenous than those obtained without PPMF. Therefore the PPMF can act as a leveling factor during the electrodeposition process.
